Q uality of care in US nursing homes (NH) has been an on going concern. In 2007, ϳ114,600 deficiencies were issued to Medicare/Medicaid certified facilities for violations of federal regulations; on average, 7.5 deficiencies per NH. 1 Almost 18% of facilities were cited for serious deficiencies that harm or place residents at risk for severe injury or death. 2 The prevalence of these deficiencies varied considerably across facilities and states, with more than 10% of states reporting 30%ϩ of facilities with serious violations. 3 Although facility-level deficiencies are not perfect measures of quality, higher deficiency levels have been shown to be associated with lower quality. For example, facilities receiving deficiency citations for administration were shown to have significantly lower quality of care with regard to pressure ulcers, contractures, and psychoactive drug use. 4 Facilities with higher prevalence of urinary incontinence and pressure sores were shown to have significantly more deficiencies in quality of life (QL), quality of care, and other categories. 5 Risk-adjusted measures of NH quality based on decline in functional status, pressure ulcers, and prevalence of physical restraints, were all found to significantly correlate with facility-level deficiency citations. 6 Recently, "culture change" advocates emphasized the importance of the work environment as a key factor in improving organizational performance, including residents' outcomes. 7, 8 Several approaches to culture change in NHs have been implemented. However, evaluations of these initiatives, while reporting improvements in the QL and in interactions between residents and staff, did not quantitatively demonstrate improvements in quality of care. 9 -11 Aside from these intriguing but rare programs, little is known about the relationship between work environment attributes and NH quality. In this study, we examined the relationships between several measures of work environment and a measure of quality-deficiency citations controlling for facility characteristics, in a representative sample of NHs in New York State (NYS).
PRIOR RESEARCH AND PROPOSED HYPOTHESES
Quality of care and quality of the work environment have been largely treated as separate problems in NHs empirical research. Emerging theories and research focusing on complex adaptive systems have suggested that day-to-day operations, managerial practices, and work organization may influence facility performance. 8, 12 Few, however, have examined the impact of work environment attributes on outcomes of NH residents. Anderson et al showed that greater participation of registered nurses (RNs) in decision-making, better communication between RNs and Directors of Nursing, and higher perception of good Directors of Nursing leadership among the RNs were associated with better resident outcomes. 13, 14 Barry et al showed that incidence of pressure ulcers among NH residents decreased as indicators of certified nursing assistant (CNAs) empowerment increased. 7 Most recently, Gittell et al examined the association between relational coordination (communication, shared goals, knowledge, and respect) among NH aides and resident QL. 15 Overall, research on NH work environment and organization identified 3 broad categories that may influence quality-work effectiveness, group processes or teams, and job design.
Work Effectiveness
The importance of leadership, communication, coordination, and conflict management, which are critical in the relationships between coworkers, were demonstrated in the NH literature. 16 -18 These components of provider-to-provider relationships were shown to predict perceived work effectiveness in hospitals, 19 community-based long-term care, 20 and in NHs. 21 The utility of using perceived work effectiveness as a predictor of care quality was demonstrated in hospitals 22 and in community-based long-term care (LTC) settings, [23] [24] but not in NHs. We hypothesized the following: Hypothesis 1: NHs with higher perceived work effectiveness have fewer deficiency citations, ceteris paribus.
Teams
Interdisciplinary health care teams have long been thought to promote better coordination of services resulting in better outcomes. [25] [26] But, there has been relatively little focus on teams in NHs, although some studies did attribute better patient outcomes to teamwork and to the use of group processes. [23] [24] [25] While most NHs have in place a variety of teams such as care planning, quality improvement, or special care, the extent to which workers involved in the day-to-day provision of care to residents are organized in teams has not been known. A recent study from NYS found that in an average facility 16% of the direct care staff report working in interdisciplinary daily practice teams. 26 We hypothesized the following:
Hypothesis 2: NHs with higher prevalence of daily care teams have fewer deficiency citations, ceteris paribus.
Job Design
In NHs, job design was demonstrated to impact employee satisfaction and turnover. 8, 27, 28 Particularly salient in this regard is the practice of primary assignment, with staff assigned to work consistently with the same residents over time. This practice was shown to result in higher staff satisfaction and was postulated, but not demonstrated, to impact quality of care. 29 -31 We hypothesized the following: Hypothesis 3: NHs with higher proportion of staff with primary assignment have fewer deficiency citations, ceteris paribus.
DATA AND METHODS

Sample
Primary data came from a "parent" study designed to examine the impact of work performance on risk-adjusted resident outcomes in NYS. 26 In total, 7418 surveys from direct care staff of 162 nursing facilities were received (response rates from 3% to 91%) between July 2006 and April 2007. We used these data to obtain information on facility-level prevalence of teams, primary assignment, and perceived work effectiveness (survey available on request).
Information on deficiency citations was obtained from inspection surveys contained in the Online Survey, Certification and Reporting (OSCAR) files for 2006 to 2007. If a NH had more than one inspection survey between July 2006 and April 2007, the survey closest to the middle of the period was selected for analysis. Data on facility characteristics came from OSCAR and the Centers for Medicare and Medicaid Services (CMS) NH Compare. For each facility, primary and secondary data were linked. Table 1 lists variables, definitions, and data sources.
Dependent Variables
Federal regulations contain 190ϩ specific standards (tags) in 15 major categories of health-related deficiencies. We selected 2 categories specific to residents' quality of care and life. The QL is comprised of 19 tags, while the quality of care (QC) includes 26. For each tag, if an auditor deems a facility not to have met the required standard, a deficiency citation is issued. Depending on the prevalence (scope) of the practice for which the deficiency is issued, and its impact on residents' health and safety (severity), deficiencies are categorized based on seriousness from least (A) to most (L). Deficiencies categorized as G through L are considered most severe as they cause actual harm or immediate jeopardy to residents.
We constructed 3 facility-level quality measures. We defined QC deficiencies as a count of citations. QL and G-L deficiencies are relatively rare, thus we dichotomized them as present/absent. In our sample, all of the G-L deficiencies were in the QC category.
Key Independent Variables Team Prevalence
Two measures of team prevalence-percent of staff organized in formal and self-managed teams-were used. Both were constructed from responses provided by staff delivering daily personal care to residents. Individuals may work in teams or not. Respondents who reported working in a team were asked to characterize their team as either formally organized by management, with explicit protocols and procedures, or self-organized and managed by workers. The organization of NHs into multiple units and shifts allows for the simultaneous coexistence of staff in all 3 modalities-no teams, self-managed teams, or formal teams. Teams were reported as being largely multidisciplinary and included a variety of personnel. There were no substantial differences in staff composition between formal and self-managed teams. 32
Primary Assignment
This measure, also derived from the staff survey, was defined as the percent of workers who report being consistently assigned to the same residents.
Perceived Work Effectiveness
The staff survey included a validated instrument for measuring work effectiveness. Work effectiveness was measured using a 7-item Likert-scale with responses ranging from 1 (strongly disagree) to 5 (strongly agree) (Appendix). 21 For each NH, the measure of work effectiveness was constructed as the average of all the responses provided by workers in that facility, with higher scores corresponding to better workeffectiveness. The reliability, face, content, and construct validity of this measure, in NH setting, was tested and reported elsewhere. 21 The measure had good psychometric properties (Cronbach alpha ϭ 0.87) and good discrimination with significantly (P Ͻ 0.0001) less variability within than across facilities. The measure also met criterion-related validity because, as hypothesized, such processes as communication and coordination, conflict management, and staff cohesion were all shown to be statistically significant predictors of work-effectiveness.
The facility-level distributions for each of the key independent variables are presented in Figure 1 .
Additional Site-Level Variables
We included several facility-level variables, which based on literature review may influence outcome measures. These variables include facility ownership, staffing, size, and resident case-mix. Furthermore, to avoid potential bias associated with variations in practices of local state survey offices we controlled for the random effects of the 7 inspection regions in the state.
Statistical Analyses
We estimated 3 multivariate regression models. For QC deficiencies, we fit a multivariate linear regression with random intercepts for inspection regions and robust standard errors. For QL and G-L deficiencies, we fit multivariate logistic regressions with random intercepts for inspection regions. Because the survey data include disproportionately fewer for-profit NHs, compared with the general population of NYS facilities, we included sample weights to obtain appropriately weighted estimations.
In linear and logistic models, we obtained standardized coefficients for each continuous variable by multiplying each original coefficient estimate by its standard deviation (SD). We reported the exponential of the standardized coefficients for the logistic models. The coefficients for dichotomous variables were not standardized.
We examined correlation coefficients among the work environment variables and found no significant correlations. Diagnostic tests using variance inflation factors were also performed, but detected no evidence of significant effects that may inflate standard errors. The Breusch-Pagan and White 
RESULTS
Because the survey was open to all eligible NYS facilities and not a randomly selected sample, 30 the possibility of a response bias should be considered. We compared facilities in the sample to eligible NYS homes on all variables obtained from secondary data sources ( Table 2) . We found no statistically significant differences between the 2 groups with regard to the outcome variables. The sample facilities were significantly different on 3 independent variables-size, licensed practical nurses (LPN) h/resident/d, and percent of nonprofit facilities. Although statistically significant, the differences between the sample facilities and all homes for the first 2 variables are small and not likely to be operationally meaningful. To correct for the sampling bias due to the over-representation of nonprofit homes, we employed sampling probability weights in the multivariate models.
An average facility had 1.69 QC, 0.48 QL, and 0.33 G-L deficiencies. QL and G-L deficiencies were relatively rare, with only 33.95% and 19.75% of facilities having any such deficiencies, respectively ( Table 2) . On average, NHs reported 8.45% of direct care staff working in formal teams and 7.46% in self-managed teams, with substantial variation across facilities. Almost 40% of staff reported having primary assignment, with substantial across facilities variation (SD ϭ 16.41%). The measure of perceived work-effectiveness had an average value of 4.22, suggesting that most workers viewed their facilities as performing well (higher number indicating better performance). There was, however, some variation in this measure, with a SD of 0.22-ie, 68% of NHs scored between 4.00 and 4.44.
Results of the multivariate regression models predicting all 3 deficiency citation measures are shown in Table 3 . We found work-effectiveness to be a statistically significant predictor of our deficiency measures in all 3 models, supporting hypothesis 1. NHs with higher work-effectiveness had significantly fewer QC (P ϭ 0.008), QL (P ϭ 0.064), and G-L (P ϭ 0.014) deficiencies. Controlling for all other factors, one SD (0.216) increase in work-effectiveness score is associated with a 0.379 reduction in QC citations (22.4% reduction in the average per facility number of QC deficiencies). A one SD increase in work-effectiveness also means that the odds for a NH to have any QL deficiencies was 30% (1-0.696) less and to have any G-L citations was 52% (1-0.485) less; translating to a 22% reduction in QL risk (from 33.95% to 26.48%), and a 46% reduction in G-L risk (from 19.75% to 10.66%), respectively. We found partial support for the association between team penetration and deficiencies (hypothesis 2), but only with respect to QC deficiencies. Facilities with higher prevalence of self-managed (but not formal) teams have signifi-cantly fewer deficiencies (P ϭ 0.008). One SD (0.065) increase in the proportion of workers in self-managed teams lowered QC deficiencies by 0.178 (10.5% reduction), all else being equal.
For the association between primary assignment and deficiency citations (hypothesis 3), we found statistically ) and without sampling weights. In the model without sampling weights, primary assignment is not a statistically significant predictor of QC deficiencies; all other results are fairly consistent across all models. † In the analytical sample all of the health-related deficiencies with G-L severity were in the quality of care category. ‡ Parameter coefficients were standardized as described in the text. significant support with regard to QC (P ϭ 0.031) and G-L (P ϭ 0.037) measures, but not QL. One SD (0.164) increase in primary assignment prevalence resulted in 0.163 (9.6%) reduction in QC and almost 40% lower odds of G-L deficiencies. In addition, one SD (0.233) increase in RN staffing is associated with 0.253 fewer QC deficiencies, a 15% reduction. All else being equal, facilities with higher ADL index had significantly (P ϭ 0.027) more (0.236) QC deficiencies.
DISCUSSION
Referred to as "low tech and high touch," NH environments are characterized by high levels of task interdependence between disciplines, considerable variability and uncertainty with regard to residents' health outcomes, and are constrained by the availability of resources necessary to provide care. 15 In such settings, the organization of work and the relationships among workers could be particularly important contributors to the quality of care. 8 This study provides empirical evidence to support this assumption and makes several contributions to the literature furthering our understanding of the relationship between NH work environment and quality-related deficiency citations.
While previous studies have suggested that teamwork and group processes may be associated with better resident outcomes, 23, 25, 33 this is the first study to document an association between higher prevalence of self-managed daily practice teams in NHs and fewer quality of care deficiency citations. However, the potential benefit derived from having teams does not appear to be very great. A one SD increase in team prevalence is associated with only a 0.178 reduction in the number of QC deficiencies. Furthermore, such teams have no significant effect either on QL deficiencies or on the severe, G-L, citations. However, this might be due to lack of power, given the very small number of QL and G-L deficiencies in any one facility. It is also possible that the limited impact of self-managed teams is due to their limited prevalence. In our sample, the majority of facilities have fewer than 20% of their direct care staff organized in such teams. Prevalence of self-managed teams may be too marginal to make a substantial impact.
We were surprised to find no significant association between formally organized teams and deficiency citations. One could expect that formally organized teams, receiving support and resources from management, would be better able to function and be more effective in impacting quality. Although formally organized teams report the same multidisciplinary structure as the self-managed teams, 32 it is possible their structure is more mechanistic, ie, organized by management with specified roles and tasks, resulting in more controlled or hierarchical decision-making and problem-solving, which may undermine the flow of information. In such teams, formal sharing of information may be restricted to higher status nurses and other core professionals, and not extend to nursing assistants. 34 In contrast, more organically structured self-managed teams may be less hierarchical and more spontaneous in communicating, improvising, and problem-solving, thus also being more effective in situation of high uncertainty and resource/time constraints, and better able to provide high quality care.
Our prior work offers an alternative explanation as well. It is possible that in facilities in which the management has undertaken the initiative to organize teams, its objective, and hence the focus of the team, is not quality improvement, but rather cost savings. In a recent study, Mukamel et al 32 found that presence of formal teams was associated with significant cost savings, while presence of self-managed teams was not. If management invests in teams to achieve cost savings, it is not surprising that we did not find a significant association between formal teams and fewer deficiency citations. It is in fact comforting that we did not find a positive association, suggesting that an emphasis on cost savings is not at the expense of quality, at least to the degree that deficiencies can capture such deterioration in quality.
Consistent assignment of nursing staff, particularly the CNAs, is viewed as a best-care practice and a cornerstone of culture change in NHs. However, empirical evidence with regard to the association between this practice and quality of care has not been clear. Our findings provide support for the association between primary assignment and QC deficiencies, including G-L severity, but not for QL deficiencies. This is consistent with other studies also showing mixed results for the association of primary assignment and quality of care. 35 In our study, one SD increase in the prevalence of primary assignment confers close to a 10% reduction in QC deficiencies. Facilities with higher prevalence of primary assignment are 40% less likely, than facilities with lower prevalence, to experience high severity G-L citations.
But the biggest attribute, and the only one showing a significant association between work environment and all 3 quality measures, is work-effectiveness. In an average facility, one SD increase in the work-effectiveness score is associated with 22% fewer QC deficiencies, and with 30% and 51% lower odds of having any QL and G-L deficiencies, respectively. Thus, a relatively modest increase in a facility's work-effectiveness score may be associated with rather substantial improvements in care quality.
For NH managers our findings suggest that quality improvement efforts should focus on certain work environment attributes, particularly those that affect work-effectiveness. Prior literature identified several factors as being important predictors of perceived work-effectiveness in healthcare organizations 19, 20 ; among them, leadership, communication and coordination of care, and conflict resolution. 15 While managers may wish to foster all of these dimensions to improve relationships among coworkers, not all dimensions appear to be equally important for overall work-effectiveness. Our own prior work in NHs showed that good communication/coordination and conflict management among frontline workers contribute most to perceived workeffectiveness. 21 Using a 5-point Likert-scale, we found that a one-point increase in communication/coordination or in conflict management leads to a 0.25-point increase in the workeffectiveness score. The importance of workplace conditions (flexibility of schedules, pay, benefits, promotion) and staffing, while also statistically significant, had substantially smaller effects on the work-effectiveness score (0.05 and 0.12, respectively). The effect of leadership, although statistically significant, appeared to be the smallest and almost negligible at 0.02. This small effect size may reflect the largely neglected importance of the role of front-line leadership in NHs. 8 These findings about the importance of work relationships in influencing performance are echoed in other studies, even those that do not directly focus on quality of care. A recent survey conducted in conjunction with the National Study of the Better Jobs Better Care demonstration asked direct care workers in several LTC settings "what is the single most important thing your employer could do to improve your job?" 36 Better work relationships-improved communication, better supervision, and more teamwork-ranked higher than increased compensation.
Several limitations should be noted. (1) This study is based on NHs from one-albeit the largest-state in the nation, so that generalizations to facilities outside of NYS should be done with caution. (2) NH regulations might be very different in NY compared with other states. At the same time, the proportion of facilities in NY cited with deficiencies for harm or immediate jeopardy is very close to the national average, 17.2% in NYS compared with 17.8% nationally. 2 (3) Deficiency citations are known to reflect not only quality of care, but also policies and practices of the surveyors carrying out the surveys. While much of the variation is across states, it has also been observed within states, across local offices. 6 To account for it, we used regression models with clustering by survey regions, but we recognize that number of deficiencies can be interpreted as a measure of quality only with caution. (4) Survey participation was voluntary, so a possibility of a response bias must be considered. We did not detect any significant differences ( Table 2 ) between all eligible facilities and those participating in the survey. Furthermore, there were no significant correlations between within facility response rates and any of the dependent or independent variables, except for a correlation between higher response rates in facilities with higher numbers of quality of care deficiencies (correlation of 0.25, P ϭ 0.001), suggesting that the response bias, if it exists, is minimal.
In conclusion, our findings suggest that creating work environments, which lead frontline workers to higher workeffectiveness also results in fewer deficiency citations. Similarly, but to a lesser degree, management practices that encourage the formation of self-managed teams and promote consistent assignment may also lead to fewer deficiency citations. Prior work offers insights as to the processes and mechanisms that can be used to foster higher work-effectiveness. 21 This body of work suggests NH management practices and directions that can lead to better care for residents.
